Objective: Both exposure to heavy metals and alcohol intake have been related to the risk of type 2 diabetes (T2D). In this study, we aimed to assess the potential interactions between metal exposure and alcohol intake on the risk of T2D and prediabetes in a cohort of Chinese male workers. Methods: We conducted a cross-sectional analysis of 26,008 Chinese male workers in an occupational cohort study from 2011 to 2013. We assessed metal exposure and alcohol consumption at baseline in these workers who were aged !20 years. Based on occupations which were categorized according to measured urine metal levels, multiple logistic regression analyses were used to evaluate the independent and joint effects of metal and alcohol exposure on the risk of T2D and prediabetes. Results: Risks of T2D (P trend ¼ 0.001) and prediabetes (P trend ¼ 0.001) were significantly elevated with increasing number of standard drinks per week, years of drinking, and lifetime alcohol consumption. An adjusted odds ratio (OR) of 6.1 (95% confidence interval [CI]: 4.8e7.8) was observed for the smelting/refining workers (highest metal exposure levels) who had the highest lifetime alcohol consumption (>873 kg) (P interaction ¼ 0.018), whereas no statistically significant joint effect was found for prediabetes (P interaction ¼ 0.515). Conclusions: Both exposures to metal and heavy alcohol intake were associated with the risk of diabetes in this large cohort of male workers. There was a strong interaction between these two exposures in affecting diabetes risk that needs to be confirmed in future studies.
Introduction
Type 2 diabetes (T2D) is approaching epidemic proportions and is becoming a major public health problem.
1 T2D is strongly influenced by some wellestablished risk factors, including family history of diabetes, obesity, physical inactivity, tobacco use, and alcohol consumption. 2 The relationship between alcohol consumption and the increased risk of T2D has been studied in numerous prospective studies. Several previous studies, 3e6 but not all 7, 8 showed that the risk of T2D was influenced by alcohol intake. 9 Identification of novel preventable risk factors is of utter importance, because the established risk factors do not fully account for the rapid increase in T2D rate.
Besides the traditional risk factors for T2D, such as alcohol intake, diet and physical activity, the role of environmental factors, particularly heavy metals, has gained considerable attention worldwide. 10e12 Recent studies showed that the exposure to heavy metals was associated with an increased risk of T2D. 13e17 The results of our previous studies also implied that occupations associated with higher levels of metal exposure were related with an increased risk of T2D. However, few studies to date have analyzed the potential joint interactive effects of heavy metal exposure and alcohol intake on the risk of T2D or prediabetes. In this study, we assessed the potential interactions between metal exposure and alcohol intake, and the risk of T2D and prediabetes in 26,008 Chinese male workers exposed to heavy metals.
Materials and methods

Study population
This study was a part of an ongoing occupational cohort study e the Jinchang Cohort Study, which is a large prospective study of about 45,000 metal-exposed workers aged !20 years in the Jinchang Nonferrous Metal Industry, China. The details of the study rationale and profile have been described elsewhere. 21 In brief, a total of 42,122 participants were included from the baseline survey of the cohort; 26,008 (61.7%) were men and 16,114 (38.3%) were women. Approximately 36.6% of the men (n ¼ 9511) consumed alcohol, whereas 97.6% (n = 15734) of the women did not consume alcohol. Given the low alcohol intake prevalence among the female workers, we conducted this cross-sectional analysis of the joint effects of alcohol intake and metal exposure on the risks of T2D and prediabetes in men only. This study also obtained the approval from the Ethical Committee of the Public Health School of Lanzhou University and the written informed consent from the participants.
Data collection
The baseline survey was performed by trained interviewers via face-to-face interviews using a standardized and structured questionnaire that included questions pertaining to prior use of alcohol and tobacco, an assessment of lifetime occupational history, medical history, and other demographic, socioeconomic, and lifestyle factors. The clinical data were obtained through physical and biochemical examinations performed by clinicians at the Worker's Hospital of the Jinchang Company. These included blood pressure level, height, weight, and levels of fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). Based on the World Health Organization (WHO) standards 22 : T2D was defined as a FPG level ! 7.0 mmol/L, and/or use of insulin or oral hypoglycemic agents at the time of the baseline survey. Prediabetes was defined as a FPG level between 5.6 mmol/L and 6.9 mmol/L in male workers without a prior diabetes diagnosis.
Alcohol intake and metal exposure assessment
The questions regarding alcohol intake assessed the current drinking status, age of drinking initiation, alcohol content, and specific amount; the frequency and volume of alcohol intake were determined for all types of alcoholic beverages, including hard liquor, beer, and wine. One standard drink was converted to 14.0 grams of pure alcohol. 23 Non-drinkers were defined as those subjects who always drank less than once per week, or not at all. The number of standard drinks per week was categorized into four groups on the basis of quartile distributions in all of the cohort members:
9 drinks/week, 10e24 drinks/week, 25e56 drinks/week, and >56 drinks/week. The lifetime consumption of alcohol was measured as a drinking index, which was defined as kilograms of drinking per year multiplied by drinking years (kg Â year). This metric was divided and analyzed based on the quartile distribution of all participants (the lowest quartile 99 kg, second quartile 100e322 kg, third quartile 323e873 kg, and highest quartile of intake >873 kg). The estimation of the likely level of occupational metal exposure for each male worker of the cohort was based on the process of production in the company. The detailed method of occupational metal exposure assessment has been described in a previous publication. 19 Briefly, occupations related with possible metal exposure were assigned into three categories based on the possible level of exposure: office (low level), metal mining/production (intermediate level), and smelting/ refining (high level) occupations. These three categories of occupations were validated through obtaining the urinary metal levels in a subgroup of 150 male workers, aged 20e50 years, matched by age. We used the occupational history information obtained from the baseline survey of the cohort to assign male workers into these 3 categories. The occupational categorization for those with T2D was based on the occupation at the time of diagnosis, whereas those male workers who did not have T2D were assigned to the occupational category that they had spent the longest time working in. Relatively few subjects (<10%) had worked in more than one of the three occupational categories in their lifetime (Fig. 1 ). For example, among the workers with T2D with more than one occupation in their lifetime, only 9.6% (n ¼ 117) had worked in different occupational categories among the three we evaluated in this study. Among the non-diabetic male workers with >1 occupation in their lifetime, 7.7% (n = 765) had worked in different occupational categories.
Statistical analyses
Multivariable logistic regression analysis was conducted to calculate the odds ratios (ORs) and 95% confidence intervals (CIs) between the occupational groups, alcohol intake and the risks of T2D and prediabetes adjusting for potential confounders that included age ( 60, >60 years), body mass index (BMI) category (normal weight [<25], overweight [25e29.9] and obesity [!30]), 24 abnormal lipids (yes, no), family history of diabetes (yes, no), and smoking status (non-smoker, current, former). Abnormal lipid levels were defined as: TG level >1.70 mmol/L (150 mg/dL) or HDL-C <0.9 mmol/L (35 mg/dL). We also tested for a trend in relation to the drinking by assigning median values of the intake quartiles as continuous variables in the model. The interaction effects between the occupational groups and alcohol intake were evaluated by including cross-product terms in the model. Data were analyzed using SAS 9.3 (SAS Institute, Cary, NC, USA). All reported P values were made on the basis of two-sided tests with a significance level of 0.05. Table 1 shows the characteristics of the participants according to the occupations associated with a higher level of metal exposure. The prevalences of T2D and prediabetes in office, mining/production, and smelting/ refining workers were 6.2% and 14.4%, 7.7% and 20.2%, and 13.6% and 14.6%, respectively. significantly different across the three occupational categories (P ¼ 0.001). Table 2 shows the associations between alcohol consumption and the risks of T2D and prediabetes in male workers of the Jinchang Cohort Study. The multivariable-adjusted ORs for T2D risk were 1.3 (95% CI, 1.1e1.7) for 9 drinks/week, 1.2 (95% CI, 0.9e1.4) for 10e24 drinks/week, 1.7 (95% CI, 1.4e2.1) for 25e56 drinks/week, and 1.9 (95% CI, 1.6e2.2) for >56 drinks/week (in comparison to nondrinkers, P trend ¼ 0.001). The adjusted OR for prediabetes risk was similarly and significantly elevated with the increasing number of drinks per week (P trend ¼ 0.001). The risks of T2D (P trend ¼ 0.001) and prediabetes (P trend ¼ 0.001) were also significantly elevated with the increasing number of drinking years and lifetime alcohol consumption. Compared to those of non-drinkers, the adjusted ORs for diabetes were 1.9 (95% CI, 1.6e2.2) for the highest category of total drinking years (>28 years) and 1.7 (95% CI, 1.4e1.9) for lifetime alcohol consumption (>873 kg), while the corresponding ORs for prediabetes risk associated with these metrics were 1.8 (95% CI, 1.6e2.1) and 1.5 (95% CI, 1.4e1.7), respectively. Table 3 shows the multiplicative interaction between the occupational exposure to metals and alcohol consumption in affecting the risks of T2D and prediabetes. We observed a statistically significant interaction between the occupations associated with high level of metal exposure and alcohol intake, and the diabetes risk. The highest risk of diabetes was observed in the smelting/refining workers (highest metal exposure levels) who had the highest lifetime alcohol consumption (i.e. > 873 kg; OR ¼ 6.1; 95% CI, 4.8e7.8; P interaction ¼ 0.018). However, we did not observe a statistically significant interaction between drinking and the metal exposure level on the risk of prediabetes (P interaction ¼ 0.515).
Results
Discussion
We observed that an increased number of drinks per week, drinking years, and lifetime alcohol consumption were associated with the risk of diabetes. The strongest risk for T2D was observed in the smelting/refining workers who consumed the highest amount of alcohol. These results suggest that both exposure to alcohol and heavy metals are associated with an increased risk of T2D. The magnitude of the risk in these male workers could be reduced by introducing lifestyle modifications related to the alcohol use.
Several limitations of this study need to be considered. First, we could not determine which Table 2 Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) for type 2 diabetes and prediabetes among 26,008 male workers. a Alcohol drink Normal (n = 18,748) Type 2 diabetes (n = 2329) Prediabetes (n = 4931) specific metal might have been responsible for the increased risk of type 2 diabetes. Studies on quantitative evaluation on metal exposures, and the relationship between an individual metal and the diabetes risk will be further conducted in this prospective cohort study. Second, there is an exposure misclassification due to the use of occupations validated by determining urinary metal levels in a small subsample to estimate the likely levels of metal exposure for each male worker. Another limitation was the crosssectional nature of the study, due to which we cannot establish a causeeeffect association. However, the ongoing follow-up of each member every other year in the Jinchang Cohort should allow comprehensive evaluation of the exposure to alcohol, metals and diabetes in future years. There remain some uncertainties regarding the role of alcohol intake in the development of T2D. In a meta-analysis that included 20 cohort studies, a Ushaped relationship between alcohol intake and the risk of T2D was reported, with moderate and high intakes being protective and hazardous, respectively. 25, 26 However, these associations have not been consistent across studies, with some showing none, negative or positive relations between alcohol intake and the risk of T2D. 9 We observed a protective effect of T2D and prediabetes for drinkers with lifetime alcohol consumption 99 kg. In contrast, male workers with high alcohol intake (>873 kg) had an increased risk of T2D and prediabetes (OR [95% CI]: 1.7 [1.4e1.9] and 1.5 [1.4e1.7] , respectively). The results from our previous study showed that male workers with high levels of metal exposure, particularly smelting/refining workers, were associated with an increased risk of T2D or dysglycemia. 18, 20 In the current study, we also found evidence for a joint effect between the high lifetime alcohol consumption and higher metal exposure on the risk of diabetes.
The mechanisms underlying the associations of alcohol intake and exposure to metals with the risk of T2D remain to be elucidated. Some beneficial effect of moderate alcohol intake has been related to an alcohol induced improvement of insulin sensitivity 27, 28 and blood lipids 29 . However, binge drinking and intake of spirits have been shown to increase the risk of T2D, 30e32 a finding consistently observed in our cohort of men who were heavy drinkers of spirits. The potential mechanism of heavy alcohol intake on the risk of diabetes remains uncertain, although some evidence suggests that heavy alcohol consumption may be not associated with an increased risk of T2D. 9 Few studies have assessed the interaction between alcohol intake and metal exposure, and the risk of T2D. Heavy metals may disrupt the glucose uptake and alter the related molecular mechanism in glucose regulation. 15 However, metallic elements also play an important role in the alcoholic beverages. 33 Alcoholic beverages are important metal sources of human intake, including raw materials, brewing, process type and equipment, bottling, storage and adulteration. 34 Additionally, alcohol, in particular beer, has high amounts of carbohydrates, which can raise blood sugar levels. Also, drinking heavily can make body less sensitive to insulin, which can cause T2D. It may partly explain the interaction between the metal exposure and alcohol intake in affecting the risk of T2D.
We did not observe an interaction between alcohol intake and metal exposure, and the risk of prediabetes in this study. In our previous study, we also did not find an association between metal exposure and the risk of prediabetes in men of the Jinchang Cohort. 18 So far, no data are available for exploring the interactions between alcohol intake and exposure to metals with the risk of prediabetes. More studies are needed to investigate the role of alcohol consumption in the risk of prediabetes among metal-exposed workers.
Conclusions
In this large occupational cohort of Chinese male workers, it was found that the exposure to alcohol intake and heavy metals appears to significantly affect the risk of T2D. Concerning the significant adverse effects due to the interaction between occupational exposure to metals and alcohol intake, and the risk of T2D, strategies need to be developed to further investigate this joint effect in future prospective follow-up.
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